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protease-inhibitory serpins tend to unravel and evenSerpins Are Getting Hotter
polymerize at temperatures in excess of 45C.
Based on what is known of serpin thermal instability,
it would be predicted that inhibitory serpins would not
be present in thermophiles. Surprisingly, this is not the
case—the recent release of genome information from aProtease inhibitors of the serpin family require thermo-
number of thermophilic prokaryotes has revealed thedynamic instability for their mechanism of inhibition,
presence of putative serpin genes [4]. However, theand a recent paper from Irving and colleagues demon-
question remained—are the proteins encoded by thesestrates the structural basis for how a serpin from a
genes capable of protease inhibition? An elegant studybacterial thermophile deals with life at elevated tem-
from Irving and colleagues in this issue of Structureperature.
has demonstrated that the serpin thermopin from the
moderate thermophile Thermobifida fusca (optimal
The natural history of the serpins reveals their presence growth at 55C) is indeed a protease inhibitor [5]. Pre-
in almost all of the biotic kingdoms, where they contrib- viously, protein engineers had been able to create con-
ute essential regulatory functions as well as viral offense formationally stable serpins by mutagenesis of the scaf-
strategies [1]. The founding members of the serpin family fold only at the expense of protease inhibitory function
were identified 30 years ago as protease inhibitors that [6]. Nature’s answer involves increased intramolecular H
control coagulation, fibrinolysis, and inflammation. Later bonding and an additional twist: a stabilizing interaction
it became clear that the family also includes homologs between the novel short C-terminal tail of thermopin
such as angiotensinogen and ovalbumin, which have no and a conformationally sensitive region common to the
inhibitory function. As pointed out by Russell Doolittle, structure of protease-inhibitory serpins. This interaction
one of the founders of bioinformatics, serpins seem to presumably aids in trapping the metastable state during
have evolved a useful scaffold upon which to place one protein folding. It may even stabilize the labile conforma-
of several unrelated functional units [2]. The serpin scaf- tion in an environment that most serpins find hostile.
fold has become a focus over the years of intense re- Interestingly, the putative serpin from the extremophile
search because of its unusual nature. Pyrobaculum aerophilum (optimal growth temperature
In considering protein structures, one usually thinks 100C) contains a similar C-terminal tail, begging the
about compact domains that subscribe to the principle question of whether this is a conserved solution or one
that a protein will take on a fold of minimal energy. The independently invented by each thermophile. However,
serpin fold represents an unusual paradox. Most of the it will be a difficult job to test this hypothesis because
members of the family are active site-directed inhibitors most target proteases would be denatured well below
targeting serine and cysteine proteases. They represent 100C. The use of thermally stable proteases such as
the most broadly tolerant of all known active site inhibi- protease K, which is inhibited by serpins [7], may help
tors. To achieve this, serpins require that the functional in this context.
inhibitory form be a metastable intermediate in a folding In the broader view, we consider that polymeriza-
pathway to the minimal energy structure, as suggested tion—an inherent property of the serpin fold—may con-
by Robin Carrell [3]. As a consequence, the serpins pay tribute to noninhibitory biologic properties of human
a penalty because the metastable form is inherently serpins. Indeed, such a case has been made for plasmin-
unstable. Noninhibitory family members have dispensed ogen activator inhibitor 2 [8] and could potentially ex-
plain the collagen chaperone activity of the serpin Hsp47with this requirement for a metastable conformation, but
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yeast to human, on the other hand, appears to be essen-Pruning DNA: Structure-Specific
tial for meiotic DNA recombination and cell cycle check-Endonucleases (XPF/Rad1/Mus81) point signaling [5]. These endonucleases often form het-
erodimers, XPF pairing with ERCC1, Rad1 with Rad10,
and S. cerevisiae Mus81 with Mms4. The resulting di-
meric enzymes are specialized in “pruning” downstream
The crystal structure of Hef endonuclease, an archaeal
branch, flap, and bubble structures by incision near a
member of the XPF/Rad1/Mus81 family, reveals a type double- and single-stranded junction [6]. Irregular struc-
II restriction enzyme-like active site and a bifurcated tures 5 to a canonical DNA duplex are processed by
dimer interface essential for DNA cleavage. These the XPG/FEN-1 family of endonucleases [7], whose se-
findings provide a focal point for future study of this quences differ remarkably from those of the XPF/Rad1/
family of structure-specific endonucleases. Mus81 family.
Despite the biological importance of the structure-
In the 50 years since Watson and Crick discovered the specific XPF/Rad1/Mus81 family of endonucleases and
DNA double helix, our knowledge about the complexity 25 years of biochemical analysis of their roles in DNA
of DNA structures has grown considerably, from right- repair [8], it is only now that Nishino, Morikawa, and
handed A and B form DNA to left-handed Z form DNA, their colleagues have determined the crystal structure
from duplex to triplex and quadruplex, from straight of an archaeal homolog, Hef endonuclease from Pyro-
and extended to coiled in a nucleosome. In addition to coccus furiosus, presented in this issue of Structure [9].
serving as a genetic blueprint, DNA undergoes replica- Hef forms a homodimer instead of a heterodimer and
tion and recombination as well as repair in response is composed of three structural domains, an SF2-like
to endogenous and exogenous damage. During DNA helicase domain at the N terminus (residues 1–546) [10],
metabolism, double-stranded DNA inevitably forms the XPF- and Mus81-like endonuclease in the middle
three-way (replication fork) and four-way (Holliday) junc- (residues 547–681), and two helix-hairpin-helix (HhH)
tions, bubbles (melted base pairs), flaps (single- motifs at the C terminus (residues 682–763). Although
stranded branch), or broken ends with single-stranded the helicase domain structure appears to be conserved
extensions. These irregular structures must be correctly in XPF and Rad1, the sequence motifs essential for ca-
processed by helicases and nucleases to successfully talysis are altered and result in an inactive helicase. The
complete DNA replication, recombination, and repair [1]. C-terminal HhH motifs are present not only in XPF, Rad1,
Two different families of structure-specific endonu- and Mus81, but also in some dimeric partners, such as
cleases have been identified, each of which processes with ERCC1 and Rad10. The HhH motifs are shown to be
DNA bubbles, flaps, and single-stranded extensions of important for dimer formation and DNA recognition [11].
a unique polarity, 5 or 3. XPF, a structure-specific en- The crystallographic analysis reveals that the Hef en-
donuclease essential for nucleotide excision repair, donuclease domain is unrelated to FEN-1 [12–14] but
cleaves DNA 5 to bulky adducts or UV-damaged bases adopts a tertiary structure similar to that of the type II
after the local duplex is partially unwound [2]. Inactiva- restriction enzymes. The signature motifs of this
tion of XPF leads to extreme sensitivity to UV light and nuclease family, ERKX3D, with an extension of GDXn at
xeroderma pigmentosum (XP), which is characterized the N terminus (GDXnERKX3D), can be nicely superim-
by a high frequency of skin cancer [3]. The ortholog of posed with the PDXn(D/E)XK motif of the type II restric-
XPF in budding yeast (S. cerevisiae) is known as Rad1 tion enzymes. To locate the magnesium ion essential
for catalysis, Nishino and colleagues also prepared Hef[4]. Mus81, an XPF-related nuclease conserved from
